Calmodulin binds to inv protein: implication for the regulation of inv function.
Establishment of the left-right asymmetry of internal organs is essential for the normal development of vertebrates. The inv mutant in mice shows a constant reversal of left-right asymmetry and although the inv gene has been cloned, its biochemical and cell biological functions have not been defined. Here, we show that calmodulin binds to mouse inv protein at two sites (IQ1 and IQ2). The binding of calmodulin to the IQ2 site occurs in the absence of Ca(2+) and is not observed in the presence of Ca(2+). Injection of mouse inv mRNA into the right blastomere of Xenopus embryos at the two-cell stage randomized the left-right asymmetry of the embryo and altered the patterns of Xnr-1 and Pitx2 expression. Importantly, inv mRNA that lacked the region encoding the IQ2 site was unable to randomize left-right asymmetry in Xenopus embryos, implying that the IQ2 site is essential for inv to randomize left-right asymmetry in Xenopus. These results suggest that calmodulin binding may regulate inv function. Based on our findings, we propose a model for the regulation of inv function by calcium-calmodulin and discuss its implications.